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Abstract
It has been described a neuro developmental disorder labelled “Benign nocturnal alternating hemiplegia of childhood” (BNAHC)
characterized by recurrent attacks of nocturnal hemiplegia without progression to neurological or intellectual impairment. We
report a female patient who at 11 months revealed a motionless left arm, unusual crying without impairment of consciousness
and obvious precipitating factors. The attacks occur during sleep in the early morning with lack of ictal and interictal electroenceph-
alographic abnormalities, progressive neurological deﬁcit, and cognitive impairment. Unlike previous reports of BNAHC our
patient come from a family with a history of both migraine, hemiplegic migraine, and sleep disorders. Our study remarks on the
typical features described in previous studies and stresses the uncommon aspects that could help to identify the disorder which is
likely to have been underestimated. Despite some clinical similarities between BNAHC and familiar hemiplegic migraine and alter-
nating hemiplegia of childhood, the genetic analyses of our patient did not reveal genetic mutations found in both disorders.
 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction
In the last few years eleven male children have been
reported with transient and recurrent attacks of hemi-
plegia without other paroxysmal neurologic disorders,
arising from sleep, and with lack of progression to neu-
rological or intellectual impairment. The attacks typi-
cally become less frequent, disappear with aging, and
are associated with the normal developmental mile-
stones of children [1–6]. This clinical feature, labelled
as “Benign nocturnal alternating hemiplegia of
childhood” (BNAHC) seems distinct from the classic
alternating hemiplegia of childhood (AHC) which is
characterized by onset before 18 months, occurrence
during wakefulness, ceasing with sleep, associated tonic
or dystonic attacks, nystagmus, dyspnoea, and other
autonomic phenomena [7]. Furthermore, in the classic
form, the attacks are of longer duration and are
followed by a progressive cognitive and neurological
deterioration over time.
A broad diﬀerential diagnosis is necessary when con-
sidering this disorder mainly as AHC, hemiplegic
migraine, Todd’s paralysis, or sleep-related movement
disorder.
Here we report a new patient with typical aspects and
some unusual manifestations of BNAHC in order to
contribute to a better identiﬁcation of the disorder.
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Furthermore, to investigate whether the BNAHC
belongs to the spectrum of AHC and familiar hemiplegic
migraine (FHM) we performed the genetic mutational
analysis previously described in the latter disorders.
2. Case report
Our patient is a 46 months-old girl, the second child
born to healthy unrelated parents and has a healthy
6 year old brother. Family history is positive for
migraine, hemiplegic migraine (maternal line) and som-
nambulism (paternal line). She was born at 38 WG fol-
lowing an unremarkable pregnancy by an elective repeat
caesarean section. She had normal Apgar score.
At 13 months of age the child was referred to our
Child Neuropsychiatric Department at the University
of Palermo because at 11 months of age the parents were
alerted by the unusual crying of the child who revealed a
motionless left arm which lasted 45 min.
On admission, the neurological examination was
within normal range. At 14 months and 21 days devel-
opmental functioning, assessed by Bayley Scales of
Infant Development (BSID-II), showed a mental devel-
opmental index (MDI) score within normal limits (97)
and a psychomotor developmental index (PDI) score
signiﬁcantly delayed (65).
Repeated interictal waking and sleep EEGs showed
bilateral temporal slowing abnormalities. Brain MRI
and MR angiography did not detect any structural
abnormality. The video-EEG-polysomnography showed
a normal sleep pattern, but no attacks could be recorded
because of their relative rarity.
Routine blood haematology and chemistry, plasma
amino acids proﬁle, lactate and ammonium in the blood,
and urinary excretion of organic acids were normal.
Mutational analysis of candidate genes of hemiplegic
migraine and AHC were negative (ATP1A2, SCN1A,
GLUT1, and ATP1A3).
The attack recurred after ﬁve, twenty, and sixty days,
and nineteen months, and forty-six months, lasting 15,
10, 7, 5 and 4 min, respectively. All episodes involved
always the left side, arising from sleep at 6 a.m. without
impairment of the consciousness and obvious precipitat-
ing factors. All attacks turned oﬀ with tremor in the left
arm.
At 23 months of age the patient began to experience
frequent nocturnal sudden awakening from sleep at
3–6 a.m. associated with abrupt screaming, edginess,
and inconsolable crying, lasting a few minutes. During
such occurrences, the child held her arm, perhaps to
obtain relief from some discomfort, without unilateral
or bilateral hypotonia and/or weakness. When the
attack remitted she went back to sleep and she did not
retain memory of the event but the following day she
was irritable and hyperactive. These episodes became
gradually rarer and more blurred, but at the same time
she developed deﬁnite symptoms of oppositional
behaviour and hyperactivity often associated with
annoying screaming.
At 33 months she had two generalized epileptic sei-
zures requiring an antiepileptic treatment (Valproic acid
30 mg/kg/day) without further seizure relapse. The post-
ictal EEGs, both performed outside of our Department,
displayed some speciﬁc abnormalities characterized by
diﬀuse, isolated discharges of low amplitude sharp
waves and spikes in the bilateral occipital regions, but
dominant on the left side. Whereas, the second EEG dis-
played bursts of sharp waves on the right frontal regions.
The developmental functioning assessed at 39 months
showed a score of 89 for both MDI and PDI of BSID-II.
In addition, the clinical evaluation and the “Behavior
Rating Scale” of BSID-II revealed negative and irritable
emotional tone, poor adaptability, and higher levels of
distress.
The last psychological assessment showed a general
intellectual functioning in the average (WPPSI III IQ
109). The child showed a change in her behaviour proﬁle
characterized by increasing extroversion and gregarious-
ness; she became extremely friendly, with a need to
approach other people often inappropriately.
3. Discussion
The clinical feature of our patient is characterized by
transient nocturnal attacks of hemiplegia without inter-
ictal EEG abnormalities, arising from sleep, and recur-
ring during the following years with a progressive
decrease in attacks. The occurrence of intellectual func-
tion improvement rather than progressive neurological
deﬁcit and cognitive impairment supported BNAHC
diagnosis rather than the classical AHC.
In this study we emphasized some features that
could further contribute to a better identiﬁcation of
the disorder. Indeed, the occurrence of hyperactivity
and oppositional behaviour followed by extroversion
and gregariousness suggesting diﬃculties of behav-
ioural and emotional regulation. Furthermore, outside
hemiplegia attacks, and during sleep, the child fre-
quently exhibited edginess, and inconsolable crying,
which lasted a few minutes, and which were not asso-
ciated with hypotonia and/or weakness. We think that
the behavioural abnormalities could be considered a
speciﬁc association of this disorder as it has been pre-
viously reported in 6 out of 11 patients [2–5]. The sleep
events are unusual ﬁndings as they have been identiﬁed
in only one patient [4]. It is unclear if they are a sleep-
related disorder or a mild attack of hemiplegia, but we
were impressed by the close negative interference on
the behavioural state of the child during the following
day.
In addition, our case is a female patient in contrast
to the male cases previously investigated, therefore,
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this occurrence is in disagreement with an X-linked
trait of inheritance hypothesis [2]. Another unusual
clinical characteristic of our patient is the family his-
tory of both migraine/FHM and sleep disorders.
Although this co-occurrence has never been docu-
mented in patients with BNAHC it has been reported
that it is not rare in childhood and it has been hypoth-
esized that sleep disorders may be migraine equivalents
or precursors suggesting a common neurobiological
substrate [8].
The aetiology of BNAHC is unknown but the occur-
rence of the disorder among siblings and the family his-
tory of migraine, or sleep disorder in the previous
reported cases seem to suggest the presence of a genetic
trait. In addition, some clinical characteristics of the
attacks, and their paroxysmal nature induced to hypoth-
esize a relationship with familial hemiplegic migraine
(FHM) and AHC. Nevertheless, the genetic mutations,
identiﬁed to date in both AHC and familial hemiplegic
migraine genes (CACNA1A, ATP1A2 and SCN1A),
have not been found in BHAHC patients, but to date
these genetic analyses were performed on only two out
of eleven patients with BHAHC [6].
We expanded the genetic analysis also to GLUT1 as a
mutation was found in a patient with AHC [9], and to
ATP1A3 because some mutations of this gene were
found in 74% of a large size sample of patients with
AHC [10].
Despite some clinical overlaps between BNAHC and
FHM/AHC the genetic analyses of our patient did not
reveal the genetic mutations found in both FHM and
AHC. These results suggest with caution that the
BNAHC is a distinct disorder, though the data is still
preliminary because only two out of eleven patients were
subject to these genetic tests (CACNA1A, ATP1A2,
SCN1A) [5].
Our study remarks on the typical features described
in previous studies and stresses the uncommon aspects
that could help to identify the disorder which is likely
to have been underestimated. Further studies need to
ﬁnd additional markers and to elucidate the pathoge-
netic mechanisms of the BNAHC.
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